Sorghum (Sorghum bicolor Moench) is the fifth most produced cereal worldwide. However, some varieties of this cereal contain antinutritional factors, such as tannins and phytate that may form stable complexes with proteins and minerals which decreases digestibility and nutritional value. The present study sought to diminish antinutritional tannins and phytate present in sorghum grains. Three different treatments were studied for that purpose, using enzymes tannase (945 U/Kg sorghum), phytase (2640 U/Kg sorghum) and Paecilomyces variotii (1.6 X 10 7 spores/mL); A) Tannase, phytase and Paecilomyces variotii, during 5 and 10 days; B) An innovative blend made of tanase and phytase for 5 days followed by a Pv increase for 5 more days; C) a third treatment where the reversed order of B was used starting with Pv for 5 days and then the blend of tannase and phytase for 5 more days. The results have shown that on average the three treatments were able to reduce total phenols and both hydrolysable and condensed tannins by 40.6, 38.92 and 58.00 %, respectively. Phytase increased the amount of available inorganic phosphorous, on the average by 78.3 %. The most promising results concerning tannins and phytate decreases were obtained by the enzymes combination of tannase and phytase. The three treatments have shown effective on diminishing tannin and phytate contents in sorghum flour which leads us to affirm that the proposed treatments can be used to increase the nutritive value of sorghum grains destined for either animal feeds or human nutrition.
INTRODUCTION
Tannins belong to a group of phenolic compounds present in the secondary metabolism of plants. These compounds are mostly soluble in water (except those with high molecular weights), and are capable of forming stable complexes with proteins and other polymers such as cellulose, hemi-cellulose, pectin and with minerals (14) . Phytate (myo-inositol hexakis phosphate,IP 6 ) is the major inhibitor of mineral absorption from plant foods, and decreasing the content of phytic acid in meals of plant origin greatly improves the absorption of minerals (16) . Phosphate from phytic acid is poorly available, costly and non-renewable mineral therefore phosphate is commonly added to pork, poultry and fish diets to supply the 90 Schons, P.F. et al.
Fermentation and enzyme treatments for sorghum phosphorus to meet nutritional requisites (35) .
Several simple processing methods, such as decortication, soaking, cooking, germination, enzymes and fermentation, have been used to reduce the amounts of tannins phenols and phyates (11, 15, 21, 22, 25, 35, 38) .
Tannin acyl hydrolases, commonly referred to as tannases (E.C. 3.1. 1.20) , are inducible enzymes produced by fungi, yeast and bacteria. Tannases have mostly been characterized by their activity upon polyphenolic complexes. They are able to hydrolyze the ester bond (galloyl ester of a moiety alcohol) and the depside bond (galloyl ester of gallic acid) of substrates such as tannic acid, epicatechin gallate, epigallocatechin gallate, and chlorogenic acid which structural compositions are displayed in Fig.1 (12) . Tannase has been extensively used in food, beverage and pharmaceutical industries (29, 33) .
Figure 1.
Substrates that tannase can act on (11 (34, 10) .
MATERIALS AND METHODS

Chemicals and reagents
All reagents used were of analytical grade: methanol 
Microorganism Screening
The Department of Food Science -Unicamp supplied five hundred fungal cultures from its departmental stock culture collection that were then screened for their tannase producing ability. The best tannase producing fungus was identified as P.
variotii (20) . This microorganism was used to treat sorghum gruels and to produce tannase enzyme. The commercial phytase was purchased from BASF (NATUPHOS®, BASFGermany).
Microorganism Preservation for Tannase pre-inoculum Preparation
A P. variotii strain obtained using fungal isolation procedures was used for the production of tannase. The strain Abs 530 =Abs control − Abs test . Fermentation and enzyme treatments for sorghum
Sorghum Sampling Preparation
The sorghum grains were produced in the State of Paraná -Brazil and donated by Polinutri Alimentos, São Paulo. They were sorted and washed several times with water, dried at 50
°C for 4 h and milled to obtain <60 mesh flour.
Fermentation and Enzymatic Treatment
The sorghum flour was boiled with water in a ratio of 1:6 rate (sorghum:water) for 3 min while stirring. After boiling, the sorghum flour was cooled at room temperature (25 °C). 10 g of boiled sorghum flour were introduced into each 50 mL flask.
Treatments applied were carried out with P. variotii Treatments were performed at 30 °C, and determinations made after the fifth and tenth days. All the procedures above were applied to the raw sorghum flour to be used as a blank. 
Inorganic Phosphorus Quantification
In order to measure the action of phytase on sorghum gruels a method that estimates the inorganic phosphorus released while the phytase is acting was chosen. The extraction was performed using 500 mg of the sample and 10 mL of 0.5M Fermentation and enzyme treatments for sorghum HCl solution shaken for two hours in a G2 model orbital shaker (EDISON) at 200 rpm and at room temperature (25 °C); after the extraction, the medium was centrifuged at 1,320xg, 5 °C, for 15 min (34). The extract obtained was used to determine inorganic phosphorus levels (30) . The quantification was done using the calibration curve method with K 2 HPO 4 and expressed in mg/100 g of sorghum.
Statistical Analysis
Results from all experiments and analyses were expressed as the mean value ± the standard deviation of the mean (SD). The means were submitted to variance analysis (ANOVA) and the Tukey test; the level of significance was stated at P < 0.1 using STATISTICA 8.0 software.
RESULTS AND DISCUSSION
The methodologies employed in this work to determine In a study using KBR9 Bacillus cereus for the production of tannase by adding 10 g/L of tannic acid to submerged culture medium, values of 0.22 U/mL (23) for the enzyme activity were obtained
Effect of the Treatments upon Phenolic Content
The amount of total assayable phenols (TP) has shown to be lower (p<0.1) after treatments A, B and C (for 5 days) compared to the untreated sorghum flour ( Results in the same column followed by different letters (a-e) indicate statistically significant differences (P < 0. Many studies have demonstrated the action of exogenous phytase in phytate decrease and accompanying increases in penta-, tetra-, bis-, mono-phosphates and free phosphorus (22, 34 (inositol-pentakisphophate), IP 4 , etc., and inorganic phosphorus (Pi) and which is used then for its growth.
Comparing treatments B and C we can say that the treatment order (P. variotii versus enzymes) influenced the measured parameters, especially the P. variotii treatment on the final concentration of Pi.
Among the proposed treatments we noted that the best results, decrease in tannin and increase in Pi, occurred in experiments 2, 3 and 4. However, it must be pointed that the P. variotii uses Pi for its growth. In addition, this fungus has only been selected recently and has not been subjected to analysis of acute toxicity in vivo and is not considered GRAS (Generally Recognized as Safe). According to Graminha et al.,
(13) the production of mycotoxins can be a limiting factor when employing microorganism that are not considered GRAS.
The fermentation and enzyme and combination of fermentation-enzyme treatments studied were effective in diminishing tannin and phytate in sorghum flour, so this treatment can be used to increase the nutritive value of sorghum grains destined for animal feeds or human nutrition.
Future studies should be made in order to optimize the enzymatic treatment.
